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Background: There are now several systematic reviews of RCTs testing self-management for those with chronic musculoskeletal pain. Evidence for the effectiveness of self management interventions in chronic musculoskeletal pain is equivocal and it is not clear for which subgroups of patients SM is optimally effective. 
Aims: To systematically review randomised controlled trials of self-management for chronic musculoskeletal pain that reported predictors, i.e., ‘baseline factors that predict outcome independent of any treatment effect’;   moderators, i.e., ‘baseline factors which predict benefit from a particular treatment’; or mediators    i.e., ‘factors measured during treatment that impact on outcome’ of outcome. 
Method: We searched relevant electronic databases. We assessed the evidence according to the methodological strengths of the studies. We did meta-regression analyses for age and gender, as potential moderators. 
Results: Although the methodological quality of primary trials was good, there were few relevant studies; most were compromised by lack of power for moderator and mediator analyses. We found strong evidence that self-efficacy and depression at baseline predict outcome and strong evidence that pain catastrophizing and physical activity can mediate outcome from self-management. There was insufficient data on moderators of treatment.
Conclusions: The current evidence suggests four factors that relate to outcome as predictors/ mediators, but there is no evidence for effect moderators. Future studies of mediation and moderation should be designed with ‘a priori’ hypotheses and adequate statistical power. 
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INTRODUCTION 
Self management programmes have been promoted as one of the most important, non pharmacological ways of helping people with intractable chronic conditions (Newman et al., 2004). However evidence for the effectiveness of self management programmes in chronic musculoskeletal pain is less clear. One potential explanation is that interventions directed at improving patient’s self management may be more effective for subgroups with particular characteristics. Indeed research in other chronic conditions suggests that some individuals benefit disproportionately from such interventions  ADDIN EN.CITE (Monninkhof et al., 2004).  Turk has argued  that the “myth”of patient homogeneity may explain why treatment outcomes are often disappointing amongst patients with different chronic pain syndromes (Turk, 2005). Identifying relevant subgroups may improve the effectiveness and cost-effectiveness of self-management interventions  ADDIN EN.CITE (Kennedy et al., 2007).
The growing interest in sub-group analysis to explore processes within treatment and their impact on outcome has resulted in informative findings in the field of cognitive-behavioural interventions for pain patients. Turner et al (2007) demonstrated that changes in self efficacy and perceived pain control contributed significantly to treatment outcome and Turk found that fibromyalgia patients with different psychosocial profiles responded differently to a multi-component FM management programme (Turk et al., 1998). However, Vlaeyen & Morley (2005) caution that such analysis must be theory-driven. 
Outcome for people with chronic musculoskeletal pain may be affected by a wide range of demographic, clinical, psychological and social factors. These may be: predictors, i.e., ‘baseline factors that predict outcome independent of any treatment effect’; moderators, i.e., ‘baseline factors which predict benefit from a particular treatment’; or mediators  i.e., ‘factors measured during treatment that impact on outcome’(Kraemer et al., 2002) . There is considerable evidence from prospective cohorts reporting predictors, but far less from randomised controlled trials (RCTs) reporting moderators and mediators  ADDIN EN.CITE (Pincus et al., 2002; Pincus et al., 2006; Hayden et al., 2009). RCTs are the best study design to  explore moderators and mediators. However, RCTs that include planned subgroup analysis need very large samples  ADDIN EN.CITE (Hedges and Pigott 2004; Aguinis et al., 2005). The sub-group analyses must also be based on good theoretical reasoning and previous evidence to support the hypothesis that the correct a priori subgroups have been identified (Higgins & Green, 2008). Although individually underpowered, pooling of data from multiple trials may identify consistent findings across these trials, and where pooling cannot be carried out, consistency of findings may provide evidence to direct future better designed trials. The purpose of this review is to summarise the RCT evidence about predictors, mediators and moderators in patients with chronic musculoskeletal pain who take part in self-management programmes.  By self management programmes, (defined in detail later), we mean multi component interventions aimed principally at improving patient’s self management of their chronic musculoskeletal pain. Other systematic reviews have looked at single interventions: The aim of our review was to assess their effectiveness as integral parts of a multiple component intervention. In our definition we clearly state Self management as a multi component intervention, to identify a distinct approach that fundamentally differs from specialist treatment such as CBT or exercise therapy.
METHODS
Searches 
Two reviewers searched independently using the same agreed free text terms supplemented by electronic database indexing terms where possible, using both British and American spellings and names (English language only, details of the search strategy are available upon request). We searched relevant electronic databases from 1984- April 2009 (MEDLINE, EMBASE, PsycINFO, CINAHL, AMED, Web of Science and the Cochrane Library) to identify RCTs of self-management programmes for chronic musculoskeletal pain. We based our search strategies on free text terms supplemented by electronic database indexing terms where possible. Search terms included: chronic musculoskeletal pain, back pain, neck pain, shoulder pain, knee pain, hip pain, fibromyalgia and osteoarthritis.  These were combined with searches on terms such as self-management, self-care, self-efficacy, self-help, self-improvement, patient education, patient teaching, patient training, expert patient, lay-led, peer-led and professionally-led. We also tracked citations in identified systematic reviews for RCTs. 
Two researchers working independently identified those papers that included sub-group analyses, including analysis for predictors, moderators or mediators. Finally a statistician scrutinised the included studies to determine if the authors had conducted appropriate predictor, moderator or mediator analyses. We approached the authors of studies with more than 200 participants in each arm and with 80% or more completion rates that did not report subgroup analyses or had done subgroup analyses that did not provide sufficient information and asked if they could carry out a subgroup analysis and inform us of their findings. 
We have adapted the approach from Kraemer (Kraemer et al.,  2002) :
Effect predictors are defined as baseline variables that affect outcome (significant main effect only) but do not interact with treatment. Such factors significantly predict outcome equally for target interventions and control conditions. 
Effect moderators represent variables measured at baseline (such as patient baseline characteristics) that interact with treatment to change outcome for each subgroup. These specify for whom and under what conditions treatment works. 
Effect mediators are variables measured during treatment (factors that change during the intervention) that impact on outcome, with or without interaction with treatment. Mediators help inform the process and potential mechanisms (including causal mechanisms) through which treatment might work, and therefore can be used to improve subsequent interventions through strengthening the components that best influence the identified mediators. 
Selection of studies 
We included RCTs that compared a self-management programme intervention with waiting list control (WLC) or usual care (UC). We extracted data on country, population, intervention/control, and the components of interventions baseline measures, outcome measures, description of moderator analyses, and results of moderator analyses.  The programme had to contain at least two components from the following five groups agreed by our steering group: psychological (including behavioural or cognitive therapy), mind-body therapies (MBT) (including such as relaxation, meditation or guided imagery), physical activity (any form of exercise), lifestyle (such as dietary advice and sleep management) and medical education (such as understanding their condition and how to take medication effectively).  We identified components by author descriptions of interventions from their published reports and classified content by consensus. 
Type of participants
We included studies of adults (age≥18 years) with non-specific musculoskeletal pain with or without comorbidities, degenerative joint disease, chronic widespread pain, arthritis, osteoarthritis, fibromyalgia and unexplained, and non-pathological neuropathic painful conditions. We excluded studies of patients with migraine, headaches, facial pain, eye pain, irritable bowel syndrome, angina, chronic obstructive pulmonary disease, non-cardiac chest pain, inflammatory joint conditions such as rheumatoid arthritis or ankylosing spondylitis, and chronic fatigue syndrome/ myalgic encephalopathy (CFS/ME). We also excluded studies of patients with chronic pain arising from malignant disease.
Self-management programme
There is no universally accepted definition of a self management programme so we developed our own working definition. Single component interventions (such as CBT) were not considered programmes and were excluded (see above).We considered studies to be directed at self management if they had the broad goal of improving participants' health status or quality of life and where there was scope for improvement in patients managing their own health. Carers or tutors may have been involved but we only included programmes principally directed at patients. Included programmes had to be structured with a taught or self-taught component that aimed to increase participants' skills and knowledge and to enable participants to deploy these enhanced skills in aspects of their lives beyond the intervention. Psychological elements had to be behavioural and/or cognitive and, or structured (not psychodynamic therapy). Studies were excluded if they did not provide a clear description of the  intervention .
Types of outcome
We extracted data on health behaviours (such as health care utilization, days off work, medication consumption, social and daily activities), health status (such as pain intensity and disability), self-efficacy and adverse effects. We only included outcome measures that had previously published evidence for good validity and reliability in this population. 
Quality Assessment 
Overall quality of included studies was assessed by two review authors independently. The methodological quality assessment for the RCTs was modelled on the Cochrane methods (details in Carnes et al., 2010) using some of their criteria (adequate randomization sequence, adequate allocation concealment, description of withdrawals and dropouts, blinding of outcome assessment & >20 participants in each arm). Inter-rater reliability for assessing the studies was checked on a 10% sample of studies and there were few discrepancies. Trials received a score of a rating out of 5:  1 (for each positively scored criterion) or 0 (information not reported or unclear). The quality of trials was categorised as high (4-5); medium (2-3) or low (1).
Quality of sub-group analyses
Due to the lack of an established standard for assessing the quality of   studies with sub-group analyses we used the following criteria, based on guidance from the Cochrane handbook  and a consensus study of international experts (Pincus et al., 2010).
1) Was the sub-group analysis specified a-priori?
2) Was the selection of sub-group factors for analysis theory/evidence driven?
3) Were sub-group factors measured prior to randomization?
4) Was measurement of sub-group factors measured by adequate (reliable and valid) measurements, appropriate for the target population?
5) Does the analysis contain an explicit test of the interaction between moderator and treatment? 
We classified studies complying with all five criteria as providing confirmatory evidence, those complying with criteria three, four and five as providing exploratory evidence. All other studies were classified as providing insufficient evidence.
Levels of evidence
In line with the Cochrane Handbook that states that differences in subgroups observed within studies are more reliable than analyses of subsets of studies, we deemed the strongest evidence for subgroup/moderator analysis to exist where there was as at least one high quality trial (using Cochrane criteria for the general quality assessment of trials (Higgins and Green 2008)  that met all of the criteria listed above for assessing subgroup analysis. Due to the inherent problem of lack of power in subgroup analyses, we did not consider or report negative findings as providing evidence. We regarded the remaining studies that did not meet the above criteria, to be methodologically weak and providing only exploratory data.  

Meta-regression
We included studies that did not necessarily report subgroup analyses, but could contribute to such analysis by a meta-regression of their final value data. Studies from the original search that supplied full data on age and gender at baseline against at least one of our selected outcomes were included (n=46). For potential moderators reported in 10 or more studies we did a random effects meta-regression (Higgins and Green 2008). We collapsed outcomes into the following categories: pain intensity, physical/functional capability, self-efficacy, depression and global health status. For one outcome, general mental health, a single measurement tool had been used SF36 (36-item short form health survey (Ware and Sherbourne 1992)). As a variety of measurement tools had been reported for each other outcome, we calculated standardised mean differences (difference in mean outcome between groups/standard deviation of outcome among participants)(Higgins and Green 2008). For SF36 general mental health data, where we intended to combine the data using a weighted mean difference, we noted anomalies in score values between studies and so we also analysed these using standardized mean differences. To make the best use of available data, and reduce possibility of making a Type 1 error we collapsed the different follow-up time points (early & late) to obtain one average effect size per outcome. We considered results from the meta-regression to be statistically significant if P <0.10. This criterion was adopted because of a potential Type II error as a result of the limited number of studies in these effect size calculations (Armitage et al., 2002 ; Hoffman et al., 2007). We used an I2 statistic to estimate the percentage of residual variation attributable to between-study heterogeneity and an adjusted R-squared statistic to estimate the proportion of between-study variance explained by the covariate. We produced bubble plots (scatter diagrams using circles as plotting symbols in which the areas of the circles indicate the value of a third variable) (Upton and Cook 2002). We fitted values and predicted random effects against age and gender separately, with 95% confidence and prediction intervals. Each bubble is the estimate of association taken from each study and the size of the bubble is the precision of the estimate: the larger the variance the smaller the bubble and bigger bubbles have greater influence on the model (Figure 2). We used Stata 10.1 for the meta-regression analyses and bubble plot graphs (StataCorp 2007; Harbord and Higgins 2008). 
RESULTS 
Literature search 
We found 126 relevant RCTs of self-management. Of these, 16 studies, reported in 20 papers, with 4,047 participants met our inclusion criteria and included appropriate analyses of moderators and/or mediators (Table 1). There were a further 46/126 RCTs with final value data that used WLC or UC control groups that contributed to the meta-regression (Table 2). These 46 studies will only be discussed in reference to the meta-regression. All other results refer to the 16 studies that carried out appropriate subgroup analyses. No additional data was obtained from contacted authors. data. (Figure 1).
Characteristics of predictor, moderator & mediator studies 
These came from six countries: USA five  ADDIN EN.CITE (Gallagher et al., 1997; Lorig et al., 2002; Haas et al., 2005; Heapy et al., 2005; Martire et al., 2007), Netherlands four  ADDIN EN.CITE (Kole-Snijders et al., 1999; Smeets et al., 2006; Veenhof et al., 2007; van der Hulst et al., 2008), Canada two ADDIN EN.CITE (Lemstra and Olszynski 2005; Laforest et al., 2008), Norway two  ADDIN EN.CITE (Haldorsen et al., 1998; Haugli et al., 2000), Sweden two  ADDIN EN.CITE (Lindh et al., 1997; Jensen et al., 2001), and UK one (Hurley et al., 2007). Three trials included participants aged 30-39 years, six included participants aged 40-49, one included participants aged 50-59 and seven included participants aged 60 or over. 
Methodological Quality 
Nine RCTs were high quality; six were medium quality and one low quality. Eight of the sub-group studies provided confirmatory evidence, one study provided exploratory evidence, and seven studies provided insufficient evidence (Table 3). Only three studies had high quality methodology, carried out pre-planned theoretically-driven sub-group analysis, using correct statistical analysis. However, there were no two trials in this category that examined the same sub-group, thus, strong evidence was restricted to reports from single studies. (Figure 1)   


Strong evidence: Findings from single studies
Three studies (four papers) were of high quality, and fulfilled all criteria for assessing the sub-group analysis 
 ADDIN EN.CITE (Nour et al., 2006; Smeets et al., 2006; Hurley et al., 2007; Laforest et al., 2008). Hurley found that higher levels of depression at baseline predicted poorer physical functioning at six months (effect size = 0.48) whereas higher levels of self-efficacy at baseline, measured by positive exercise beliefs (effect size -0.24), and confidence in the ability to exercise (effect size -0.62), predicted better physical functioning at six months, regardless of intervention arm  (Hurley et al., 2007). Smeets found that reduced levels of pain catastrophizing during treatment led to a post-treatment decrease in patient-specific complaints, disability and pain. Patients in the intervention group scored, on average, 1.3 points lower on disability (out of 24) than patients in the control arm, after adjusting for pain catastophising.  For current pain, the difference was 4.7 units on the visual analogue scale (out of 100).  For patient complaints, the difference was 6.7 (out of 100).  Laforest found that increases in physical activity mediated greater decreases in helplessness, however the data was not available to quantify this effect. This effect was defined by Laforest as a moderator, although from the description it is a mediator  ADDIN EN.CITE (Laforest et al., 2008). Because of these limitations, we recommend that the findings for the mediating effects of physical activity be reviewed with caution. None of these studies found evidence for effect moderators. 
 
Moderate evidence: Findings from meta-regression
Primary papers (n=46) with final value data (the outcome measurement obtained at the follow up interval) that included age and gender as potential moderators were included in the meta-regression (see Table 2 for characteristics of these studies). Eight of these studies were included in the 16 subgroup analyses studies. We used bivariate meta-regression to determine if the baseline characteristics (age and gender) explained the variation in treatment outcomes. Age and gender were selected because they are the most frequently reported demographics: they were the only variables reported in at least 10 studies (Higgins and Green 2008). We found that gender was significantly associated with effect sizes for SF36 general mental health and global health status (all P<0.10 and P≥0.05) (Table 4). Inspection of bubble graphs suggested a positive association between effect sizes for these outcomes, suggesting that self-management interventions might be more effective in studies with a greater proportion of female subjects   (Figure 2). Gender was not associated with effect size for pain intensity, physical/functional capability, self-efficacy and depression. Age was significantly associated with effect size for physical/functional capability and self-efficacy (all P<0.10 and P>0.05). Inspection of bubble graphs suggested a positive association between effect size and these outcomes indicating that self-management interventions might be more effective in younger samples (Figure 2). Age was not associated with different effect size for other outcomes.

Weak evidence: Findings from an exploratory, descriptive analysis 
Predictors, moderators and mediators of treatment effect from trials with moderate to low methodology could not be pooled, due to the heterogeneity in baseline and process factors. There were some otherwise high quality studies that did not fulfill all five sub-group assessment criteria. We therefore have produced a list of factors that warrant further investigation based on this review:

	Predictors: Depression  ADDIN EN.CITE (Haugli et al., 2003; van der Hulst et al., 2008); disability (van der Hulst et al., 2008); self-efficacy (Lorig et al., 2002)
	Moderators: Immigrant status (Lindh et al., 1997); pain intensity  ADDIN EN.CITE (Veenhof et al.,  2007; van der Hulst et al., 2008); depression  ADDIN EN.CITE (Nour et al., 2006; van der Hulst et al.,  2008) ADDIN EN.CITE 






To our knowledge this is the first attempt to systematically identify moderators and mediators for self management programmes directed at chronic pain. Our findings suggest that the following factors impact on outcome: Self-efficacy, depression, pain catastrophizing and physical activity. Depression and self-efficacy predict outcome irrespective of intervention, suggesting that these should be targeted at early stages to prevent the transition to chronic disability. This is supported by previous reviews (e.g. Pincus et al., 2002). The evidence for pain catastrophizing, and, with caution (see results), increased physical activity as mediating factors, suggest that self-management interventions that focus on modifying these factors appear most likely to improve outcomes in patients experiencing chronic musculoskeletal pain. We found no evidence for effect moderators, thus, current data do not allow us to recommend  targeting interventions at particular groups.   That self efficacy is both a predictor and a mediator of outcome does not necessarily mean that targeting those with the lowest levels of self efficacy is the way forward.   We hypothesise that the crucial measure is one of the likelihood of low self-efficacy improving with intervention; this improvement then mediating the clinical outcome.   It may be that people with very low self efficacy are the ones least likely to change, conversely those with high self efficacy cannot make further positive change.   It might be that, in fact, those in the middle range of self-efficacy scores are most likely to benefit   (i.e. they have the capacity to change and are potentially changeable). Further research is needed also to examine the influence of immigrant status, baseline disability, baseline pain intensity, age and gender on self-management programme success as the state of evidence on these factors is currently weak. A final recommendation would be that study authors should use the criteria for assessing the quality of moderator studies to guide their methodology. There needs to be significant guidance on designing, collecting data and analysing subgroups in the context of RCTs.

Limitations of the current study:
We have attempted to conduct our review of the evidence with systematic rigor, but we note that this has implications to the validity of the findings in real life situations, in which treatment is often subtly adapted to meet patients’ needs, state and responsiveness. We recognize that this limitation is present in most trials, in which adherence to protocol may compromise the creativity and responsiveness of therapists, thus, failing to capture more fluid mediation mechanisms.
This review was confined to a consideration of self management programmes.  As we elaborated, although these are quite common in practice, they are ill-defined and we developed our own working definition to operationalise the review.   In order to be both systematic and inclusive we grouped components into five broad categories and relied on published accounts of interventions to do this.   We recognise that other groups might have defined self management programmes differently or categorised components differently  and therefore included a slightly different group of  studies in this review (Barlow et al., 2002; Chodosh et al., 2005).   Furthermore our judgement may have been hampered by the limited descriptions of the individual  interventions in the included  RCTs  - a problem which is well recognised (Petticrew 2003). 
In addition, we recognise that content delivered in components may not match the label, either because of lack of integrity in delivery (which is seldom included in the reporting), or because of the non-specific characteristics bound in all treatment. Thus, an intervention labelled as delivering psychology may deliver little psychology or do so poorly, while aspects of prescribing and advising on exercise may include counselling, empathy and implicit targeting of self-efficacy. Some of these problems may be resolved by better measurement of the explicit goals of delivering each component, and by measuring integrity of delivery within trials.
The evidence was insufficient to clearly determine the influence of predictors, moderators and mediators of intervention success due to the lack of consistent reporting across studies and the meta-regression being limited to the  examination of  age and gender (as the most commonly reported characteristics). Only when researchers report potential moderating variables as a standard will meta-analytic techniques be able to calculate a more accurate estimate of the variance between studies. With respect to the generalisability of our findings, patients under the age of the 30 were not featured in any of the studies reviewed. 
We also note that some of the usual predictors reported in prospective cohorts, which are the preferred means for identifying predictors. (e.g. (Pincus et al.,  2002)) were only partially supported by this review, but this may be a result of the general paucity of including theory-driven baseline factors. 
Conclusion
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Figure 1: Study search and process
Figure 2: Bubble graphs for measures with gender and age as moderators
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